Although symptoms related to the pelvic floor, such as pelvic organ prolapse (POP) and lower urinary tract symptoms (LUTS), are common in patients with chronic constipation (CC), its impact is not clear. Our aims were to investigate the following (1) compare pelvic floor symptom related dysfunction in irritable bowel syndrome with constipation (IBS-C) and functional constipation (FC), and (2) symptom correlation with findings on anorectal manometry (ARM) and balloon expulsion test.
Introduction
Chronic constipation (CC) is a common disorder, affecting nearly 15-20% of the population worldwide. [1] [2] [3] CC is often subdivided into irritable bowel syndrome with constipation (IBS-C) and functional constipation (FC) per Rome IV criteria though these entities exist in a continuum. 3 The main difference between the 2 clinical diagnoses is that abdominal pain and bloating are not predominant symptoms are not predominant symptoms in FC. 3 Up to 50% of patients with CC are found to have defecatory disorder on further investigation. 4 Patients with defecatory disorder have either (1) inadequate defecatory propulsion (defined by inadequate rectal propulsive forces as measured with anorectal manometry [ARM] with or without inappropriate contraction or incomplete relaxation of the anal sphincter and/or pelvic floor muscles) or (2) dyssynergic defecation (defined by paradoxical contraction or inappropriate relaxation of the pelvic floor as measured with anal surface electromyography or ARM with adequate propulsive forces during attempted defecation). 3, 5 Given the anatomic and functional role of pelvic floor in defecation, it is not surprising that constipation is often comorbid with other pelvic floor issues such as urinary symptoms and pelvic organ prolapse. [6] [7] [8] [9] [10] [11] Studies have shown that lower urinary tract symptoms such as urinary urgency, frequency, retention, and incontinence are more common in women with constipation compared to healthy controls. 6, 7 In addition, constipation has been showed to be significantly associated with pelvic organ prolapse in epidemiological as well as case-control studies. [8] [9] [10] [11] Despite the high prevalence of pelvic organ prolapse and lower urinary tract symptoms in individuals with constipation, little is known about their impact of these symptoms on CC patients. There are no studies investigating the predictors of pelvic floor symptom dysfunction in individuals with CC and it is unclear if this significantly varies between patients with IBS-C and FC. In this study, we aim to investigate if (1) patient reported pelvic floor symptom dysfunction measured by Pelvic Floor Distress Inventory (PFDI-20) is significantly different among constipation subtypes (IBS-C vs FC), and (2) pelvic floor symptom dysfunction correlates with findings on ARM and balloon expulsion test (BET).
Materials and Methods

Subjects
All female patients undergoing ARM from December 2012 to June 2016 were consecutively enrolled at Beth Israel Deaconess Medical Center's (BIDMC) gastrointestinal motility laboratory for ARM. All the patients were asked to complete the Rome III questionnaire and the PFDI-20 as part of their clinical care. The institutional review board of BIDMC approved waiver of informed consent for this retrospective review. Individuals who met the Rome III criteria for IBS-C and FC were included in the study. Patients greater than 18 years in age were included in the study. Exclusion criteria included major anorectal or colonic surgery. Demographic details and clinical data were obtained through questionnaires. In addition, data from high-resolution ARM and BET were recorded.
Three-dimensional High-resolution Manometry
Anal pressures were assessed using the 3-dimensional highresolution manometry (3D-HRM) probe. The details of this probe is described in our previous study. 12 Prior to the study, patients were instructed to fast for 4 hours and use 2 enemas. During ARM, patients lay in the left lateral decubitus position. After inserting the 3D-HRM probe, the assessment of anorectal pressures was performed at rest, during 3 attempts of squeeze, and in 3 attempts of simulated defecation. Afterward, the recto-anal inhibitory anal reflex (RAIR) and rectal sensation thresholds were measured through progressive inflation of the intrarectal balloon with 10-20 mL increments. Balloon volumes at which the patient reported the first sensation, desire to defecate and severe urgency were noted. If the patient did not attain these sensations or RAIR until a balloon volume of 250 mL, this was documented.
Three-dimensional High-resolution Manometry Analysis
Adequate rectal propulsion was defined as an intrarectal pressure of > 40 mmHg during at least 1 of the simulated defecations. 12 Adequate anal relaxation was defined as > 20% relaxation during at least 1 of the simulated defecations. 13 
Balloon Expulsion Test
BET was performed following 3D-HRM. With the patient in the left lateral decubitus, a non-latex 400 mL volume balloon was inserted into the rectum and inflated with 50 mL of warm water.
The patient was then asked to sit on a commode in privacy and expel the balloon. BET was considered abnormal if the time required to expel the balloon was more than 1 minute. 14 
Study Questionnaires
Patients completed the English version of the PFDI-20 questionnaire and the Rome III Constipation Module prior to undergoing 3D-HRM. 15 
17
The Rome III Constipation Module was used to classify patients as having FC or IBS-C. 16 We used the Rome III questionnaire to assess the frequency of the following symptoms: (1) hard or lumpy stools, (2) straining during bowel movement, (3) feeling of incomplete evacuation after bowel movement, (4) sensation that stool is blocked when having a bowel movement, (5) need for digitalization to complete a bowel movement, and (6) < 3 bowel movements per week. For each of these symptoms patients who reported these symptoms as "most of the time" or "always" were considered to have them frequently. In addition, the Constipation Severity Scale (CSS) a previously validated measure of constipation severity was generated using the sum of the 5-point ordinal ratings (0 = never, 1 = sometimes, 2 = often, 3 = most of the time, and 4 = always) for the 6 Rome III FC questions mentioned above. 18 
Statistical Methods
Continuous variables were summarized using means and 95% confidence intervals (CI) for normally distributed data. For continuous variables which were not normally distributed, medians and interquartile range were calculated. Baseline demographic, clinical, and ARM variables were compared between patients with IBS-C and FC. POPDI-6, CRADI-8, UDI-6, and PFDI-20 scores were generated using the PFDI-20 scoring system. The mean value of all answered items within the corresponding scale (possible values 0-4) were obtained and multiplied by 25 to generate the scale score (range 0 to100). Missing items are dealt with by using the mean from answered items only. Mean scores of POPDI-6, CRADI-8 and UDI-6 as well as overall mean PFDI-20 scores were compared between IBS-C and FC.
Proportions were compared using chi square test and means and medians were compared using Student's t test and Wilcoxon rank-sum test respectively. Multivariable linear regression was used to determine the association among PFDI-20 score and demographics, 3D-HRM and BET parameters, constipation phenotype and clinical characteristics. Two questions pertaining to incomplete evacuation of stool and straining with bowel movement are present in both CSS and PFDI-20. Therefore, for the purpose of multivariable regression, these 2 questions were excluded from the CSS, and constipation severity in multivariable regression was assessed using the remaining 4 questions included in CSS. For all statistical analyses, P-value < 0.05 was considered statistically significant.
Results
Demographic Characteristics
During the study period, 64 patients met the Rome III criteria for FC and 43 patients for IBS-C. The mean age of patients with FC was significantly higher than that of IBS-C (Table 1 ).
Clinical Symptoms
Proportions of patients with frequent straining, feeling of incomplete evacuation, sensation of blocked stool during bowel movement, need for digitalization to complete a bowel movement, hard or lumpy stools and < 3 bowel movements/week were similar in IBS-C and FC groups (Table 1) .
Three-dimensional High-resolution Manometry
The mean resting anal pressure, mean resting rectal pressure and mean squeeze pressure were comparable among patients with IBS-C and FC ( Table 2 ). The median volume required to elicit RAIR was not significantly different between the 2 groups. The mean volume required to generate the first sensation, desire to defecate and severe urgency were also similar between the patients with IBS-C and FC. Proportions of patients with adequate rectal propulsion on simulated defecation were comparable between the 2 groups (25.4% in FC and 27.5% in IBS-C, P = 0.818). About 23.7% of the patients with FC and 15.0% of the patients with IBS-C had adequate percentage anal relaxation on simulated defecation (P = 0.288).
Balloon Expulsion Test
Of 107 patients, 103 (60 with FC and 43 with IBS-C) underwent BET along with ARM. Of these, 32 patients with FC (53.3%) and 19 patients with IBS-C (44.2%) had prolonged BET based on > 1 minute as upper limit of normal, which was not significantly different (Table 2) .
Pelvic Floor Distress Inventory-20 Score and Subscores by Constipation Subtype
The mean POPDI-6 score was significantly higher among patients with IBS-C compared with FC (38.2 vs 25.0, P = 0.004).
IBS patients also had higher CRADI-8 score compared with patients with FC (46.5 vs 37.6, P = 0.04). The mean UDI-6 score was also higher among patients with IBS-C than patients with FC (33.7 vs 19.5, P = 0.01). The overall PFDI score was also significantly higher among patients with IBS-C in comparison with patients with FC (Table 3) .
There was a significant difference in the severity of pelvic floor distress between patients with IBS-C and FC (P = 0.007). IBS-C patients were more likely to have moderate (PFDI > 100 and ≤ 200; 57.1% vs 26.5%) or severe (PFDI score was > 200; 5.7% vs 2.0%) compared to FC patients. 
Individual Pelvic Floor Distress Inventory-20 Question by Constipation Subtype
To understand the symptoms underlying the higher distress among the IBS-C patients, we compared individual PFDI-20 question between the 2 groups. IBS-C patients had higher mean scores compared with FC patients when asked about (1) pressure in lower abdomen, (2) heaviness or dullness in lower abdomen, and (3) pain or discomfort in lower abdomen or genital region (Table  4) . Patients with IBS-C also reported higher mean distress than FC patients about the following symptoms -feeling of incomplete bladder emptying, feeling of incomplete bowel evacuation at the end of a bowel movement, stool bulging out of rectum during or after bowel movement, pain while passing stools, frequent urination, and difficulty in emptying bladder (Table 4 ). There was no significant difference between the 2 groups when the remaining individual PFDI-20 questions were compared between the 2 groups.
Multivariable Regression
On multivariable regression, diagnosis of IBS-C (coefficient of regression, 41.6; 95% CI, 16.6-66.6; P = 0.001) and higher constipation severity (coefficient of regression, 5.3; 95% CI, 2.4-8.3; P = 0.001) were independently associated with higher PFDI scores ( Table 5 ).
In a subset of patients in whom detailed obstetric history was available (77 patients), 23 patients (29.9%) were nulliparous. Of the remaining 54 women who had children, 39 women (72.2%) had only vaginal deliveries. Thirteen of these 77 patients (16.9%) had a prior history of hysterectomy. We tried identifying independent predictors of PFDI-20 in this subset of patients including the variables of nulliparity, history of hysterectomy, and only vaginal deliveries in addition to other variables included in Table 5 . While IBS-C and higher constipation severity continued to be independently associated with higher PFDI scores, history of only vaginal deliveries was also independently associated with higher PFDI scores (coefficient of regression, 41.3; 95% CI, 4.5-78.2; P = 0.030).
Discussion
In this study, we found that the mean PFDI-20 score (and its sub-score) did not have any significant correlation with prolonged BET and/or 3-D HRM variables. The mean PFDI-20 score, which describes patient's distress due to the myriad of pelvic floor symptoms, (and its sub-scores) were significantly higher among patients with IBS-C compared with patients with FC. Analysis of the individual PFDI-20 question suggested that the higher pelvic floor distress scores among patients with IBS-C was not entirely due to higher pain scores in the lower abdominal/pelvic area experienced by these patients. Ours is the first study showing that overall pelvic floor symptom dysfunction in patients with CC correlates with diagnosis of IBS-C and constipation severity.
Although several studies have shown association between pelvic floor symptoms and CC, studies exploring pelvic floor dyssynergia Mild (PFDI <100) Moderate (PFDI >100 and <200) Severe (PFDI >200) Figure. Comparing the severity of pelvic floor distress among patients with functional constipation (FC) and irritable bowel syndrome with constipation (IBS-C). IBS-C patients were more likely to have moderate or severe Pelvic Floor Distress Inventory (PFDI) score compared to FC patients.
as the underlying factor of this association are lacking. Ours is the first study to evaluate the correlation between pelvic floor symptom related distress and objective findings of pelvic floor dyssynergia in patients with CC. We did not find any association between abnormal BET or abnormal 3D-HRM findings and higher PFDI scores. In a study by Chou et al, patients with severe obstructive defecation symptoms had worse PFDI-20 scores than patients with severe colonic inertia symptoms. 19 However, this may have been affected by the significantly higher constipation severity symptoms in both groups. 19 Furthermore, the prevalence of abnormal BET was similar in 2 groups. 19 Thus, it is unclear that the association between PFDI-20 score and obstructive defecation seen in their study was truly due to pelvic floor dyssynergia or not. Our data suggests that PFDI scores independently correlates with severity of constipation and diagnosis of IBS-C. While several studies have investigated the association of individual pelvic floor complaints such as pelvic organ prolapse, urinary symptoms, colorectal symptoms, etc and CC, ours is one of the few studies assessing the overall burden from pelvic floor related symptoms in these patients using a tool that provides global assessment of pelvic floor symptom dysfunction. 19 Beyond suffering from symptoms associated with constipation, we found that the patients with FC and IBS-C have significant distress from pelvic organ prolapse as well as urinary symptoms. About 40% of our patient population had moderate to severe pelvic floor distress based on their PFDI-20 scores. However, moderate to severe PFDI-20 scores were more common among IBS-C patients compared to FC patients. In fact, the mean score of PFDI-20 in patients with IBS-C was comparable to patients undergoing pelvic floor surgeries for pelvic floor symptoms in other studies. 20, 21 Indeed, a recent study has shown that for women with pelvic organ prolapse, a pre-operative PFDI-20 score > 98.45 had 88% probability of significant improvement with prolapse surgery. 21 Patients with IBS-C also had higher distress from urinary symptoms compared with patients with FC. They reported higher distress from urinary frequency as well as difficulty in emptying the bladder. In a case-control study, Carter and Beer-Gabel 6 did not show any significant difference in the frequency of lower urinary tract symptoms among patients with IBS-C and FC. However, they did not measure the level of distress from these symptoms in these patients. It is possible that underlying higher visceral hypersensitivity among IBS patients is not only restricted to the gut, but also involves other organ systems leading to higher distress from non-gastrointestinal symptoms. Irritability of the bladder and bowel occur in overactive bladder (defined by urinary urgency and urge incontinence) and IBS, respectively. In addition, many patients suffer from both conditions. 22 Rodent experiments have supported the possibility of neural cross-talk between the two organ systems. Hyperesthesia of the bladder can be found in a colitis-associated colon-hyperalgesia model, whereas in a cyclophosphamide-induced cystitis model, colonic hypersensitivity has been noted. 23, 24 We found that patients with IBS-C have higher distress from pelvic organ prolapse by POPDI-6. This was largely due to questions related to distress from lower abdominal pressure, lower abdominal heaviness and pain while passing stool. Several studies have shown that overall abdominal pain reported among patients with IBS-C is higher than FC patients, and indeed abdominal pain is part of the diagnostic criteria of IBS-C and not FC. 25 It is possible that higher abdominal pain in IBS-C patients is not entirely related to the gastrointestinal tract and is in part due to other pelvic floor related symptoms such as pelvic organ prolapse, interstitial cystitis, etc.
Colorectal symptoms by PFDI-20 were also significantly worse in the IBS-C patients compared to FC. Although the frequency of symptoms of incomplete bowel evacuation after a bowel movement was similar among patients with IBS-C and FC, patients with IBS-C reported higher distress from this symptom. Others have also shown that patients with IBS-C have higher severity of constipation specific symptoms, more distress from constipation symptoms and greater impairment in their quality of life when compared with patients with FC. [25] [26] [27] Patients with IBS-C have also been shown to have higher underlying visceral hypersensitivity compared with FC patients as well as significantly higher rates of depression and anxiety. 25, 26 Several factors including higher levels of abdominal pain, higher severity of constipation, presence of visceral hypersensitivity and psychiatric comorbidities could explain higher distress from pelvic organ prolapse and colorectal-anal symptoms in these patients. Our study has several limitations. First, ours is a cross sectional study and causation cannot be ascertained from this study. Second, the data is from a tertiary care center and does not necessarily represent patients with constipation in the general population. Third, we lack some data related to the confounders that may affect anorectal function such as obstetric history in all patients, structural disease such as severity of pelvic organ prolapse, and psychiatric comorbidities. Similarly, diagnosis of perineal descent, rectal intussusception, etc could not be made as defecography was not performed in all the patients and future studies should investigate the burden on structural abnormalities on pelvic floor distress in patients with constipation.
In conclusion, this study showed that patients with constipation have significant distress from pelvic floor specific symptoms including urinary symptoms and pelvic organ prolapse. These findings were not entirely explained by higher abdominal pain or discomfort. Pelvic floor specific distress is associated with a diagnosis of IBS-C (compared with FC) and higher constipation severity. It does not correlate with abnormal BET and/or 3-D HRM, suggesting that dyssynergia does not correlate with pelvic floor distress. Further studies should investigate the various factors underlying the higher distress related to pelvic floor symptoms among IBS-C patients compared to patients with FC.
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